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@ An efficiency polarlzafion converter of few 
optical components for converting a randomly 
polarized light into a single beam of linearly 
polarized light, comprises a first opQcal device 
receiving the random light and preceding twvro 
linearly polarized lights one projected in a first 
dlrectton, another to a second optical device 
which charvges the polarization plane thereof, 
the polarization changed light t>eing directed by 
a third optical device to the first direction, 
thereby the two Hnearty pdartzed light are com- 
bined and alined to have a common polari- 
zation to twoome the single beam linearly 
polarized light projected in the fnst direction. 
Typical fust optical device is a polarization 
beam spGtter (PBSi, PBS4), a Epical second 
optical device is a quarteiwave plate with a 
minor (M), a ttalfwave plate (6) or a Fresnel 
rhonnb prism (9) with a mirror (M), or a photo- 
RKXlulation material (PML) interposed between 
biased dedrodes (Et, Er) with a minor (M), a 
typical third optica] device Is a polarization 
t>eam splitter (PB^, a prism (7) or a m&ror (M). 
The first arul third optical devices nnay be conv 
btned to a S-prism structure (PBg). The polari- 
zation converter may t)e used wUh liquid crystal 
light modulators (11. 13) to utilize Image display 
systems. 
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POLARIZATION CONVERTER FOR CONVERT1N6 RANDOIkSUY POiLARlZES yGKTTO UNEARLY 

POLARIZED UGHT 



BACKGROUND OF THE INVENTION 

The present Invention relates to a polarization 
converter which converts a randomly polarized light 
into a linearly polarized light highly efficiently. 

Recently, large screen image projectors utilizing 
a light modulators of twisted nematic type liquid crys- 
tal are becoming popular. For thte of Innage pro- 
jector, a llneariy polarized light is needed as a 
projection light, the same is true for other type of 
image projectors utilizing an optica! device having an 
electro-optic effect for ttie operation of the projedois. 

In this regard, a conventional system to obtain 
such a linearly polarized light is that a randomly 
polarized light generated from a high intensity light 
source such as an Incandescent or arc lamp. Is 
allowed to be passed through an optical analyzer. 
However, lius conventional system is poor in effi- 
ciency as an energy of the utaizable llnearty polarized 
light Is less than a half of the energy of the ordinal ran- 
domly polarized light 

Some improvements on this poor efficiency prol>- 
lem are disclosed in the following prior arts : 

(1) Polarization Converter Elementfor High Inten- 
si^ Liquid Crystal Projection System, preprint No. 
5-page 34 for the 1989 Fall Convention of The 
Institute of Bedronics. Infonmatran and Com- 
munication Engineers, in which a P-polarized 
light is converted into an S-poIarized light or vice 
versa by a total reflection system. 

(Note : P-poIarized light is a lineariy polarized 
light of which the plane of polarization is perpen- 
dicular to the plane of incidence of the light before 
the conversion, whereas the S-polarized light is a 
lineariy polarized light of which the plane of pol- 
arization is perpendicularto the P-pdarized light) 

(2) Japanese Laid-open Patent Application No. 1 
(1 980)-201 693 in which a P-polarlzed light and an 
S-polarized light are combined together after 
b&'mg modulated by respective liquid crystal mod- 
ulators. 

However, the system of the prior art (1) involves 
many optical components making the system too 
complicated and the P-polarized light and the S-pota- 
rized light produced in the system have their respec- 
tive light paths different each other which is liable to 
cause a disagreement between the two lights upon 
landing on the light modulator (liquid crystal partel) for 
Image projection. The system of the prior art (2) 
requires two Independent light modulators (liquid 
cry^l panels) to produce modulated light beams to 
be combined thereafter by a polarization beam split- 
ter, liecause of this optical arrangement, the system 
is Hable to cause a disagreement b^ween two Images 



respectively produced by the fu^o foidependent light 
modulators. 

SUMMARY OF THE INVENTION 

5 

A primasy object of the present invention is to pro- 
vide an improved polarization converter which con- 
verts a randomly polarized light into a lineariy 
polarized tight highly effidentiy using a ntinimum num- 

10 t>er of optical components. 

According to one concept of the present inven- 
tion, a first optical device receives a randomly 
polalzed light from a light source and produces first 
and second lineariy polarized lights hanring their pot- 

f 5 arbiation planes a predetermined angular relationship 
between them but advancing in a first and second 
directions respectively. Second optical d&Ace 
changes the pdar^ation plane of the second llneariy 
polarized light Into the same polarization plane as the 

20 polarization plane of the fust lineariy polarized light 
ThM optical de^ce direct the polarization changed 
second lineariy polarized light to ttie first direction so 
tfiat a beam of llneariy polarized light which is a com- 
bined productof the first and seoondllneariy polarized 

25 lights projected in tiie tirst direction. Is (drialned. 

In more spedfic aspects the invention, the first 
opticsd device r7\ay be a polarization beam splitter 
comprising a pair of rectangular prisms combined 
together to fonn a 45 degree boundary plane t>etween 

30 them which functions as a polarizer to produce the 
first and second lineariy polarized fights, the second 
optical device may be a polarization converting device 
comprising a pair of electrodes, one of which Is trans- 
parent. Interposing a photomodidation layer and a 

3S mirror layer, a bias source provhilng an electric poten- 
tial to the pair of electrodes, or a combination of a 
quarterwave plate and a n^rror laminated thereto, or 
a combination of a Fresnel rhomb prism and a mirror 
provided thersto, or simply one hatfwave plate, the 

40 tiiird optical device may be a polarization beam split- 
ter having the same structure as the one mentioned 
eariler, or one rectangular prism or simply one mirror 
aligned parallel with the 45 degree boundary plane. 
Further, tie first and third optical devices may b& com- 

45 bined to one optical block compiling a top, center 
and bottom rectangular prisms stocked each other so 
as to form two polarizing boundary (Varies between 
the prisms having a SO degree angular relationsh^ 
between tiie two boundary planes. 

60 A primary advantage of this invention la to provide 
a h^h efficiency polarizatnn converier of fsw con- 
stituting optical components, which converts ran- 
domly polarized light into a beam of Onearly polarized 
tight withoutwasting ^drtoally the energy of the original 
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randomly polarized light inddent to the polarization 
convefter. The ' Invention and its advantages wQl 
become more apparent from the detailed description 
of ^e Invention presented below. 

BRIEF PESCRiPnnON OF THE DRAWINGS 

Fig. 1 1s a diagrammatic representation of a pol- 
arization oonverter according to a first embodiment of 
the present Invenfion. 

Fig. 2 is a diagrammatic representation of a pol- 
arization converter according to a second embodi- 
ment of the present Invention, which is a modified 
version of the first embodiment shown in Fig. 1. 

Rg. 3 is a diagrammatic representation of a pol- 
arization converter according to a tiiird embodiment of 
the present invention, wtdch Is a modifled version of 
the first embodiment 

Fig. 4 fe a dfagrammatle representation of a pol- 
arization converter according to a fourth embodiment 
of ths present invention. 

Fig. 5 Is a diagrammatic representation of a pol- 
arization converter according to a fifth embodiment of 
ttie present Invention, which is a modified version of 
the fourth embodknenL 

Fig. 6 is a dlagrBmmatic representation of a pol- 
arization oonverter according to a sixth embodiment 
of the present invention, which operates differentty 
from ttie fifth embodiment 

Fig. 7 is a diagrammatic representation of a pol- 
arization oonverter according to a seventh embodi- 
ment the present Invention In whteh the same 
polartzation converter shown in Rg. 6 is used but is 
operated differenUy. 

Fig. 8 is a dtegrammatic representation of a pol- 
arization converter according to an e^hth embodi- 
ment of the present invention, which is a modified 
version of the third embodiment 

Figs, 9 to 12 are diagrammatic representations of 
display system using a polarization converter of the 
present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Polarization converters according to the present 
Invention win be described hereinbelow In detail with 
reference to the attached drawings. 

In Rg. 1 a polarization converter PCEt comprises 
a first polarization beam splitter (first splitter) PBSt to 
a top plane of which a randomly polarized light from 
a nght aource (not shown) Is incident contacted to a 
bottom plane cf the first polarization beam splitter Is 
a second polarization beam Sf^itter (second splitter) 
PBS2. A polarization converting device PCDi com- 
prising Irom a top thereof a transparent electrode Et, 
a photomodulation layer member PML. a reflecting 
mirror layer (possibly dielectric mirror) M and an elec- 



trode Er, Is further attached to a bottom plane of the 
second spllttsr. A bias potantial Is applied from an 
electric source Vac between the transparent eleo- 
trode Et and the eledrade Er to generate an electric 
5 ftdd within the photomodulation layer member PML 
and the reflecting mirror layer M. A meterial of the 
photomodulation layer n^ember PML may be lithium 
ntobate (UNbOs), PLZT, twisted nematic liquid crystal 
or other materials having an electro-optic effect or 
10 birefringence. The bias potential from Ote electric 
source Vac, the material and a thickness of the photo- 
modulation layer member PML are so detennined that 
the polarization converting device PCD^ functions to 
convert a P(S)-polartzed light inddent thereto Into an 
IS S(P)-poIarized light 

The first and second splitters PBSi and PBS2 are 
typically cubical optical blocks each being a pair of 
prisms combined together to form a 45® boundary 
plane where multirde layers of film are sandwiched to 
20 serve as a polarizer, fiirther, the two optical blocks are 
so stacked each other that the two boundary planes 
of the respective splitters PBSi end PBSafonn a right 
angle as shown In Fig. 1. 

An operation of the first embodiment of the pre- 
2B sent Invention Is as follows : 

The randomly polareed light (random light) 
entera to the first splitter PBSt, through the top plene 
thereof, an S*poia^eed light component of ttie entered 
random light is reflected at the tx>undary plane to exit 
30 from a left (In Rg. 1) plane of the first splitter PBSi, 
whereas a P-polarized light component of the entered 
random light is allowed to pass the first splitter PBS^ 
and advances Into the second splitter PBS2 then to a 
polarization converting device PCD^ through the 
35 transparent electrode Et thereof. The P-polarlzed light 
(component) Is converted into an S-polarlzed l^htas 
explained previously when the entered fight travels 
through tiie transparent electrode Et the photomodu- 
lation layer member PML reflecting mirror layer M 
40 where the light is reflected back to the photomodu- 
lation layer memt>er PML and to the transparent elec- 
trode Et 

Accordingly the light converted into the S-polarV 
zed light reentere the second splitter PBS2 through 

45 the bottom plane thereof and is reflected by the 
boundary plane thereof to exit from the left (in Fig. 1) 
plane thereof, As a result, the S-pdIarized light projec- 
ted from die second splitter PBS2 advances parallel 
v^tii tiie S-poiartzed light projected firom the firet spilt- 

so ter PBSf- fomting togetiier a single beam of tineariy 
polarized light (S-polarized light) advandng toward 
left m Fig. 1. 

it shoukl be noted that the electrode Er can be 
made to an electroconducUve mirror so that ttie tet- 

56 lecting minor layer M is omitted from the polarization 
converting device PCDf. The same can be applied to 
ttie electrode Er shown in Fig. 2. 

Referring now to Fig. 2, In the second emt>odl- 
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ment of the present invention, a feature of a polari- 
zadon beam splitter PBSs is a stacked structure of 
three rectangular prisms as such that a bottom half 
(prism) of the cubic shape first splitter PBSi and a top 
half (prism) of the cubic shape second epittter PBS2 5 
in Fig. 1 ate combined to form a single piece of center 
prism 1, this leaves a top prism 2 and a bottom prism 
3 of the respective first and second splitter PBSi and 
PBSa in Rg. 1, further* the both boundary planes 
thereof remain and function in the same manner as 10 
they do in Fig. 1. The polarization converting device 
PCDi renrialns unchanged. Since the polarization 
converter PCE^ of the second embodiment operates 
exactly in the same manner as the first embodiment 
does, a detailed operation of the second embodiment is 
is omitted. 

In Fig. 3 v^ch shows a third embodiment of the 
present invention, a polarization converter PCEa 
includes the same components shown in Fig. 1 except 
the pdarization converting device PCDi which is rep- 20 
iaced with a polarization converting device PCD2 In 
the third embodiment. The poleffization converting 
device PCDa has a laminated structure of a 0J4 wave 
plate 5 and a reflecting mirror layer M and is contacted 
to the bottom plane of the second splitter PBS2. The 25 
P-polarized light incident to the polarization convert- 
ing device PCDafrom the second splitter PBS^ is con- 
verted to a S-poiarized light as it travels within the 
polarization converting device PCD2i the light conver- 
ted to the S-pdarized light reenters the second flitter so 
PBS2, the rest of the operation is identical to tiie oper- 
ation of the first ennbodiment Naturally, i>ottom and 
top prism sections of respective first and second split- 
ters PBSi. dnd PBSj can be made to a single piece 
of center prism 1 as stx>wn in Rg. 2. 35 

Rg. 4 shows a polarization converter PCE4 which 
is a fourth embodiment of the present Invention, in 
which a halfwave plate 6 is sandwiched between a 
polarization beam splitter (splittei) PBS4 and a prism 
7. A siructure of the splitter PBS4 is similar to the fiist 40 
splitter PBSi and a boundary plane of which Is aligned 
parallel to a reflective plane 7a of the prism 7. The 
splitter PBS4 functions similar to the first splitter PBSi 
does In Rg. 1 regarding a randomly polarized light 
incident to a top plane thereof. Le. the spiitter PBS4 45 
projects an S-polarized light to tiie left In Fig. 4 and 
passing a P-poiartzed light toward the haifwave piate 
6 where the P-polarized light Is converted into an S- 
poiarized light which is in turn directed to ttie left by 
the reSective plane 7a to form a single beam of llneaily 60 
polarized (S-poiarized) light together with the S-pola- 
rized light from the splitter PBS4. 

Rg. S is a fifth embodiment of the present inven- 
tion, which is a modiried version of the one ehown in 
Fig. 4, l.e. the prism 7 is replaced witti a reflective mir- 85 
ror 8 now in Rg. 5, which Is aligned paiaQel wffit the 
boundary plane of ttte splitter PBS4. This polarization 
converter PCEs operates in the same manner as the 



polarization converter PCE4 shown in Rg; 4 does. 

The polarization converterPCEs be operated 
differentiy as shown in F^. 6 as PCEe which is a sixtii 
embodiment of the present Invenlton. in this configu- 
ration, the iTOident randomly polarized fight is projeo* 
ted parallel to an extending diretiion of the haliwave 
plate 6 of tiie splitter PBS4, a P-poIarized light com- 
ponent of the incident light continues to advance 
along a patii of the Incident light and is projected out 
of tiie splitter PBS4, on the otiier hand, an S-polarized 
tight component retiected atthe boundary plane of the 
splitter PBS4 advances perpendicular to the halfWave 
piate 6 where it Is converted io a P-poIarized light, 
whibh is In turn directed by tiie leflective minor 8 to 
project parallel witii tiie P-polarized light component 
explained before. As a result, a single beam tinearly 
polarized light projected along tiie patii of tiie incident 
randomly polarized light, is obtained. 

Note ttiat the single beam of lineaily polarized 
light oonsequentty obtained in ttie embodlm^ifs 1 
ttirou^ 5, projects perpendicular to a direc&m of the 
incident randomly polarized l^t, whereas S is paral- 
lel in the sixth embodiment, this Increases a flexibnify 
of Image projector des^ns. 

F^. 7 shows a seventh embodiment of tiie pre- 
sent invention, in which the same polarization beam 
splitter PBS3 shown In Fig. 2, is used» the pcrtsortzation 
converting device PCDi la attached to a lower right 
plane of tiie center prism 1. In the polarization con- 
verting device PCDt» the electrode Er is the type of 
eiectrooonducfive mirror as explained previously. 

in this embodiment a randomly polarized light 
(random light) is Introduced to the upper half of the 
center prism 1 to hit an upper boundary plane PBSsa 
tiirough an upper right plane of the center prism 1 , a 
P-polarized l^ht component (P-polarxzed light) of the 
random light continues to advance along a patti 
thereof and is projeded out of the epiftter PBS3 pas- 
sing through the upper boundary plane PBSa^and the 
prism 2, whereas an S-polarized light component (S- 
polarized light) of the random light Is reflected and 
directed by the upper boundary plane PBSga toward 
a lower boundary p^ane PBSab wvhich is at right angles 
to the upper t)ound9ry plane PBSaa In tum, the S-po- 
larized light is reflected by the lower boundary plane 
PBSsb toward tiie polarizaflon converting device 
PCDi and Is reflected bade to flie spOtfer PB% t>y tiie 
electrode Er of electrooonductive nribron when ttie 8- 
polarized light travels within the polarization convert- 
ing device PCDi, ft is converted to a P-polarized light 
and is projected out of the splitter PBS3 passing 
tiirough tiie lower bouncteiy plane PBSgb and tiie bot- 
tom prism 3. As shown in Fig. 7 the eplttter PBSs and 
the polarization converting device PC^^ are so 
arranged thatthe P-polarized llghttiius converted and 
pnojected, advances paraUe! witti the P-polarized light 
projected through the top prism 2 to fonn a single 
beam of lineariy polarized (P-pdaiteed) light 
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altogethdr. 

Note that the splftter PBS3 can be replaced with 
a pair of the first and second splitters PBSf and PBS2 
shown in Fig. 1 or Fig. 3. 

Fig. 8 shows a polarization converter PCEq which a 
is an eightti enUxidinient of the present Invention, in 
Ftg. 8 the first and second splitteta PGfSt and PB82 in 
the first embodiment as per Fig. 1 are employed, the 
first splitter PBSi receives a randoihiy polarized Rght 
and projects an S-poIartzed light to the left illce in the 10 
first embodiment A Fresnel rhomb prism 9 is attached 
to a bottom of the second splitter PBS2, a refiecQng 
min-or layer M same as the one In the polarization con- 
verting device PCDi, is provided to a t)ottom of the 
Fresnei rhonnb prism 9. The Fresnel rhomb prism 9 1$ 
together with the mirror M serves as a pdarizaton 
converting device which functionwise replaces the 
polarization converting device PCD) of the polari- 
zation converter PCEi In Fig. 1 . When the P-polarized 
light projected from the second splitter PBS2 and is 20 
projected normal to a top plane of the Fresnel rhomb 
prism 9 and travels within the Fresnel rhomb prism 9 
being reflected by the mirror Mm the P-poIarized light 
Is converted into an 6-poiarized light and Is projected 
back into the second splitter PBS2 retracing a light 26 
path along which the P-poiarlzed light advances 
through the second splitter PBS2 and enters the Fres- 
nei rtiomb prism 9. As a result, the S-p61arized light 
reentered the second splitter PBS2 is directed to the 
left by the boundary plane thereof and advances par- 30 
allel with the S-pdarized light projected trom the first 
apimer PB8, to form a dngle beam of lineaily 
polarized (S-pdlarfased) light together. 

Note ttiat the pair of first and second splitters 
PBSi and PBS2 can be replaced with the polarization 35 
beam splitter PBS3 shown in Fig. 2 or Rg. 7 to perform 
the same function. Further, a polarization beam split- 
ter comprises generally a plurality of prisms and mul- 
tiple layers of film composed by evaporation between 
the pttsms, which are referred as the boundary plane 
In the expianationsfor the various emt)odiments. how- 
ever, a glass plate on which muttipte layers of film are 
composed by evaporation may also be used for the 
purpose. 

From the foregoing, it can be understood that the 
polarization converters of the present invention uses 
a few number of opfical components to change or pro- 
duce a lineariy polarized l^ht beam efficientiy. 

Rgs. 9 to 12 show some f onms of display system 
using a polarization converter PCE according to the 
present invention. The polarization converter PCE 
can be any one of the polarization converters PCEi 
through PCE« and PCEe which receive a randomly 
polarized light from one direction and project a beam 
of lineariy polarized light in another d^c^ which is 
90* to the one direction. If the randomly polarized Inci- 
dent light comes tn the aawB direction as tiie lineariy 
polarized light beam which is intended to project out 



of the polarization converter PCE. the polarization 
converter PCEe or PCE7 n\ay be utilized in the display 
systems shown In Rgs. 9, 11 , and 12. 

In Fig. 9, a randomly polarized light is. converted 
to a t>eam of S-poiarized light and Is projected toward 
a transmissive type liquid crystal light modulator 11 
where the S-pdarized light beam undergoes a polar 
modulation, fUrthert ttie light thus modulated adv- . 
ances through ari analyzer 12 to undergo brfgtitness 
modulation* the brigtitness modulated light thus 
obtained nrtay be projected on a screen (not shown) 
through a projector ieris (not shown) for display. 

In Fig. 10, a reflective type liquid ciystal light mod- 
ulator 13 is placed in place of the liquid crystal light 
modulator 11 in Rg. 9, as a result, a polar modulated 
light from the liquid crystal light nruxlulator 13 Is pror 
Jected back to the polarization converter PCE which 
serves as an analyzer to pass ordy a P-pdlarized light 
component of the polar modulated light The output P- 
poiarized light n^ay be projected on a screen through 
a projector lens (both not shown) for disf^y. 

In Fig. 11, the S-pdarized l^ht produced by the., 
polarization converter PCE Is projected to a polari- 
zation beam splitter PBS which is identical In structure 
to the first polarization beam aptittar PBSi refenad In 
Fig. 1, which, directs the S-polarized Gghl to the ref- 
lective type liquid crystei light modulator 13 where the 
S-polarized light undergoes a polar rriodulatlon and is 
reflected back to the polarization t>eam splitter PBS, 
as a result, only a P-polarized light component is pas- 
sed through the polarization beam splitter PBS. which 
may be projected on a screen through a projector lens 
(botti not shown) for display. 

In Fig. 12. the S-polarized light produced by tiie 
pdarbiation converter PCE is projected toward tiie 
reflective type liquid crystal light modulator 13. The 
modulator 13 is aligned 45** to a path of the S-polari- 
zed light incident thereto and polar-modulates tiie S- 
polarized light and directs it to the analyzer 12 for 
brightness modulation thereby, as a result, a bright- 
ness modulated lineariy polarized (P-pdarized) light 
beam Is projected on a screen through a project lens 
(both not shown) for display. 

Note that unlike In the enibodiment shown in Rg. 
10. the pdarization converter PCE In Fig. 9. 11, and 
1 2 does not have a rde of analyzer. The liquid crystal 
lightmodulatorof a type transmissive (11) or reflective 
(13) is typically a twsted nematic type liquki crystal, 
however, otiier types of light modulator having a pol- 
arization or a birefringence characteristic such es 
littiium niobate or PL2T material, may be utilized. 
Further, tiie polarization converters of tiie present 
invention may be applied to not only image display 
systems but to otiier systems such as light computers 
and recording/playback eyatema. 
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Claims 

1. A polarization converter for producmis a beam of 
iinearly polarized light from a randomly polarized 
light characterized by comprising : c 

ffrsl means (PBSi, PBS3, PBSJ for receiving 
the randomly polartzied light out of which said 
first means projects first pdarized light in a 
predetennined direction, and projects a sec- 
ond polarized llglit having a predetennined 10 
angular relationship with the first polarized 
l^ht; 

second means (PCO„ PCD2, 6. 9, M) for con- 
verting the second polarized fight into a third 
polarized r^ht a polarization of viMch Is Iden- is 
fical to that of the first polarized light, and 
third means (PBS2, PBS3, 7, 8) for producing 
said beam of Uneariy polarized light advancing 
in said predetennined direction by directing 
said third polarized fight parallel with said first 20 
polarized light 

2. A poteffbiatlon converter as claimed In dalml, in 
which said first means Is a polarization beam 
spBtter (PBS, , PBS4) comprising a pair of prisms 25 
combined together forming a 45 degree boundary 
plane (PBS3J therebetween, which functions as 

a polarizer. 



A polarization converter as claimed in daim 1 , In 30 
which said second means is a polarization con- 
verting means (PCD^) contacted to said third 
means, said polarization converting means com- 11, 
prising a pair of electrodes (Et Er) interposing a 
photomodulatlon layer (PML), an electric source 35 
(VAC) to apply a bias potential between the pair 
of electrodes, and means (M) reflecting said sec- 
ond polarized light projected from said first 
means, one of said pair of electrodes being trans- 
parent to pass the second polarized tight toward 40 
said photonxKlUIation layer and s^ reflecting 
means. 



which said polarization converter '^rtiier com- 
prises an additional polareation i>eam splitter 
(PBS2) as said thud means having an Identical 
structure to said poiareaton beam splitter, said 
addittonal poiaitzaSon splitter and said polari- 
zation splitter being stacked together In such a 
manner that respective boundary planes (PBSsa. 
PBSab) thereof form a right angle. 

8. A polarization converter as claimed in daim 1. 
comprises a three prism structure (PB83) assaU 
first and third means in such a configuration th^ 
three prisms (1, 2, 3) are stadced to form two 
boundary planes having a 90 degrees angular 
relationship therebetween, and each of the 
l>oundary planss functions as a polarizer. 

9. A polarization converter as daimed in daim 8. In 
which said three prism stiuchire has a top (2), 
center (1) and bottom (3) prism backed togetfier. 
an upper half of the center prism receives said 
randomly polarized l^ht and transmit thereof to 
the top prism to produce said first polarized light 
and said second means (PCDi) is attached to a 
lower half of the centar prism and projects said 
third polarized light toward the bottom prisra 

10. A polarization converter as dabned &n 6, in 
which said third means is a prism (7) reflecting 
said third polarized light into said predetermined 
direction. 



A poiarizaticn converter as daimed In d^ 6, in 
which said third means is a reflecGve mirror (8) 
reflecUng said third polarized light into said pre- 
determined direcfion. 



6. 



A pdarization converter as daimed in daim 1, in 
which said second means is a Fresnel rhomb 
prism (9) and a mirror (M) provided to one end 
thereof, and another end of the Fresnel rhomb 
prism beir^ attached to said third means. 

A pdarization converter as daimed in daim 1, In 
wliich said second means Is a quartenwave plate 
(5) and a mlnnor (M) laminated thereta 

A pdareadon converter as daimed in daim 1, In 
which said second means is a halfwave plate (6) 
interposed between said first and third means. 



45 



so 



7, A pdarization converter as daimed in daim 2, in 
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@ Polarization converter for oonverting randomly polarbed light to llneariy polarized light 

@ An efftelency potarizatkin converter of fiaw optical components for converting a randomly polarized 
light Into a single beam of linearty polarized light, comprises a first optical device receiving the random 
light and projecting two linearty polarized lights one projected in a first direction, another to a second 
optical device which changes the polarization plane thereof, the polarization changed light being 
directed by a third optical device to tiie first direction, thereby the two linearly polarized light are 
combined and aligned tc have a oonvnon polarizatk>n to k>ecome the single l>eam linearly polarized 
light projected in the first direction. Typk^al first optical devtoe is a poiarizatton beam splitter (PBSi, 
PBS4), a typical second optical device is a quartenvave plate with a mirror (M), a halfwave plate (6) or a 
Fiesnel rhomb prism (9) with a mirror (M), or a photomodulation material (PML) interposed between 
biased electrodes (Et, Er) with a minror (M). a typteal third optical device is a polartzatkm tieam splitter 
(PB2), a prism (7) or a mirror (M). The first and third optical devices may be combined to a 3-pri8m 
structure (PB^). The polarization converter may be used with liquid crystal light modulators (11, 13) to 
utOize Image display systems. 
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